Development of Unmanned Aerial Vehicles (UAV) as mapping systems is gaining more attention in recent years. The need for "real-time" spatial data acquisitions in a more efficient and economical way is the reason why UAV is presented as one of the most promising acquisition techniques today. That is most evident in areas where human life could be endangered which are therefore very difficult for survey using conventional methods. Thus, analyzing the capabilities of this technology and discovering the extents of its usefulness for geodetic survey needs to be conducted. The paper presents an overview of UAV systems and their applications. This overview describes different UAV systems, their characteristics and capabilities. The main objective of this paper is focused on comparison of different software solutions for processing images and analysis of their influence on the quality of Digital Terrain Models. Software packages used in this comparison are 3DM Analyst Mine Mapping Suite and Pix4D mapper.
INTRODUCTION
World of surveyors has enormously changed in the last decade, mostly because of increased technology development. Technology improvements in acquisition of topographic data has enable acquiring much more data in short time and producing more quality products than before, so end-users now require more than a two dimensional spatial information. They want three or even more dimensional data to work with. Remote sensing is exactly the right area of geodesy that can provide such sort of data in a quick time with required accuracy. Besides laser scanning, photogrammetry is also gaining more and more attention every year. Especially after implementation of complex algorithms from computer vision in software solutions, and introduction of unmanned aerial vehicles UAV as a "new" photogrammetric platform.
Development of UAV is been shrouded with mystery because of increased military interest in this kind of technology. But as it goes with all technology, military development continues much further when civilians even stared to using it. Commercial use of UAV started with deployment of low cost "state of the art" navigation systems on the market, which allows them to autonomously fly in the air. Finally with integration of digital non metric cameras and additional sensors on the platform they find their usage in geodesy. Thus, UAVs are a new paradigm for high-resolution low cost photogrammetry and remote sensing, especially given the fact that consumer grade digital cameras provide a sufficiently high accuracy for many photogrammetric tasks [1] . Of course there are pros and cons of using this technology which will be considered in this paper, but there are much more benefits as the variety of their applications is growing every year. UAV photogrammetry [2] indeed opens various new applications in the close-range aerial domain, introducing a low-cost alternative to the classical manned aerial photogrammetry for large-scale topographic mapping or detailed 3D recording of ground information and being a valid complementary solution to terrestrial acquisitions ( Figure 1 ) [3] . It is evident that they have great potential especially on dangerous and inaccessible terrains, and the reason that makes it all possible is evolution of software solutions for processing images. Aim of this paper is to compare some of the existing software solutions on the market and through analysis of this comparison also give an insight in accuracy and quality of products such as Digital Terrain Model gained in process of using UAV as a mapping system. Analysis will be carried on a two DTMs of the same location processed with different software packages, which are then compared to data gathered with total station.
UNAMANNED AERIAL VEHICLES (UAVs)
According to the UVS International definition, a UAV is a generic aircraft design to operate with no human pilot onboard. Even though there is no pilot physically present in the aircraft, this doesn't mean that it flies by itself autonomously. In many cases, the crew responsible for a UAV is larger than that of a conventional aircraft. The aircraft is controlled from the ground (the Ground Control Station or GCS), so it needs reliable communication links to and from the aircraft, but also to the local Air Traffic Control (ATC) authorities if required (usually when flying higher than 150-200 m above the ground). The data received by the GCS from the instruments is either processed on-site or forwarded to a processing center. This can be done using standard telecommunication means. Of course, when operating low-cost systems, most of the GCS functions can be combined in the handheld remote controls that are typical for these systems. In that case, there is no data transmission for the instrument; all data are stored on-board. [4] Based on size, weight, endurance, range and flying altitude, UVS International defines three main categories of UAVs: tactical, strategical UAVs and special tasks UAVs. UAVs for geomatics applications are mainly tactical drones (Table 1 ) and they can be further classified according to their engine/propulsion system in: -unpowered platforms, e.g. balloon, kite, glider, paraglide; -powered platforms, e.g. airship, glider, propeller, electric, combustion engine.
Alternatively, they could be classified according to the aerodynamic and "physical" features as: -lighter-than-air, e.g. balloon, airship; -rotary wing, either electric or with combustion engine, e.g. single-rotor, coaxial, quadrocopter, multi-rotor; -fixed wing, either unpowered, electric or with internal combustion engine (ICE), e.g. glider or high wing. [3] Based on the construction of UAVs, there are two types that are mostly used for applications in geomatics, and there are fixed and rotary wing drones ( Figure 2 ). Fixed wing drones are usually used to collect images over bigger area of interest, because of their high speed and autonomy of flight, but they often need clear environment for take off and land. According to that, they have better endurance than rotary wing as they need less energy to fly. On the other side rotary wing allows vertical take-off and land, and they permits the image acquisition on a hovering point, while the camera is turning in vertical and horizontal direction. Also, advantage of rotary wing over fixed is better stabilization of camera with fewer disturbances caused by their engine/rotors. But big disadvantage is that they require an experienced pilot because the fully autonomy of their flight is not exactly resolved.
Final decision of what type to use depends of the requirements of task that is needed to be conducted.
UAV APPLICATIONS IN GEOMATICS
The applications of their use are published in many scientific articles and some of them are mention below according to application field. So, the application fields where UAVs as a mapping system can be used are:
-Agriculture: producers can take reliable decisions to save money and time (e.g. precision farming), get quick and accurate record of damages or identify potential problems in the field [5] -Forestry: assessments of woodlots, fires surveillance, vegetation monitoring, species identification, volume computation as well as silviculture can be accurately performed [6] -Archaeology and architecture: 3D surveying and mapping of sites and manmade structures can be performed with low-altitude image-based approaches [7] -Environment: quick and cheap regular flights allow the monitoring of land and water at multiple epochs [8] , road mapping [9] , cadastral mapping [10] , thermal analyses, excavation volume computation, volcano monitoring, coastline monitoring or natural resources documentations for geological analyses are also feasible. -Emergency management: UAV are able to quickly acquire images for the early impact assessment and the rescue planning [11] . The flight can be performed over contaminated areas without any danger for operators or any long pre-flight operations. -Traffic monitoring: surveillance, travel time estimation, trajectories, lane occupancies and incidence response are the most required information [12] UAV images are also often used in combination with terrestrial surveying in order to close possible 3D modeling gaps and create orthoimages [13] . UAVs can be adopted for industrial applications too (i.e. air pollution monitoring, surveillance, surveying, etc.) [3] .
ADVANTAGES AND LIMITATIONS OF UAVS
The main advantage of a UAV system acting as a photogrammetric sensor platform over more traditional manned airborne or terrestrial surveys, is the high flexibility that allows image acquisition from unconventional viewpoints (Figure 3) . While the camera network in standard airborne and terrestrial surveys is normally restricted to flight lines or street paths, a UAV system enables more flexible, e.g. turntable like network configurations that maximize scene coverage and allow superior accuracy in terms of triangulation angles. Due to the low operation altitude, UAVs achieve a very high resolution in terms of ground sampling distance and can therefore compete with airborne large format digital camera system. [14] In addition, one fundamental advantage of using UAVs is that they are not burdened with the physiological limitations and economic expenses of human pilots, so UAVs can be used in high risk situations without endangering a human life and inaccessible areas. Major advantage of using UAVs is also the cost factor, as UAVs are less expensive and have lower operating costs than manned aircrafts have. But the biggest disadvantage of UAV is their payload limitations. These limitations require the use of low weight navigation units, which implies less accurate results for the orientation of the sensors and it results in a reduced image quality. Furthermore, the main problem of their usage in general is lack of sufficient regulations for UAVs given by civil and security authorities. [2] Such regulation exist in several countries such as: Australia, Belgium, Canada, Denmark ,France, Great Britain, Norway, Sweden, Switzerland, Czech and USA. The elements of these regulations are mainly keen to increase the reliability of the platforms, underlining the need for safety certifications for each platform, and ensuring the public safety. [3] 
IMAGE ACQUISITION
In the aim of conducting this analysis, area with dimensions 300x300m was selected. UAV system that was in that time on disposal was helicopter UAV system with six rotors which carried digital camera SAMSUNG NX200 (Important specs for planning: max. resolution 5472x3648 and sensor size 23.5x15.7 mm). Before image acquisition flight planning was conducted in terms of corridor mapping (Figure 4 ) with high overlap. Ground Control Points (GCPs) were placed and measured with GPS Trimble R8 in combination with national network of reference GNSS stations of the Republic of Croatia (CROPOS), which provided accuracy of 2 cm horizontally and 4 cm vertically. Table 2 lists the project parameters of the UAV survey flight. 
DATA PROCESSING AND RESULTS
After image acquisition follows stage of data processing, and two software packages were used for that purpose: -3DM Analyst Mine Mapping Suite as an example of semi-autonomous processing -Pix4D mapper as an example of fully autonomous processing 3DM Analyst Mine Mapping Suite package includes three separate software's for image processing; 3DM CalibCam, DTM Generator and 3DM Analyst. In order to produce DTM in this task all software in this package were used: 3DM CalibCam for generation of tie points, bundle adjustment of interior (camera calibration) and exterior orientation (camera's position in referent coordinate system) and preparation of DTM's (creates lot of DTM's for each stereo pair) for creation in DTM Generator. After producing DTMs, processing continues further in 3DM Analyst. This software has ability to manipulate with 3D data in way of filtering spikes, smoothing DTM, reducing density, and manually removing points. 3DM Analyst has also tools for volume calculation, creation of cross sections, contours, poly lines (breaklines) etc.. Pix4D mapper is fully autonomous software for image processing, only part were user is involved is digitizing GCPs. Software also has tools for enhancing orthomosaic called Scene editor and enhancing point cloud/DSM called RayCloud. RayCloud has also tools for drawing poly lines, surfaces and computing volumes. Great thing in Pix4D is that it has export of produced point cloud into .las file that enables further manipulation and combination with other LIDAR data in some 3 rd party software's.
Complete processing took in 3DM Analyst package 4 hours, whereas in Pix4D mapper 2 hour, and were Digital Surface Models (DSM). As the focus of this paper is quality of DTM, it is necessary to carry out the removal of the objects and vegetation from DSMs. After removal of objects and vegetation, DTMs were smoothed and produced in GeomagicStudio. (Figure 6 ) Difference before and after editing are depicted on Figure  7 . With derived DTMs it was then possible to conduct a comparison and analysis.
Comparison was done in GeomagicStudio, and deviations between models are depicted in Figure 8 .
Figure 8: Discrepancies between DTMs
Analyzing the results, the largest deviations are spotted precisely in areas with dense vegetation (Figure 9 ), while in other areas deviations are within 10 cm. Reasons for major discrepancies are found in point filtration, but in general there are not big differences between DTMS. Comparing the DTM s with DTM derived from the measurement data with the total station in one random profile (Figure 10 ), result is average vertical deviation of 30cm ( Figure 11 ). Maximum vertical deviation is 30cm, the cause of the error is guard rail in that part of profile, and its insufficiently good filtration from DSM. 
CONCLUSION
It is evident that both software's solutions gives similar results in producing Digital Terrain Models, therefor important factor is time that is needed for processing which goes in the favor to Pix4D mapper. Also, Pix4Dmapper is more user-friendly to work with than 3DM Analyst, but great thing with 3DM Analyst is possibility to control every step in process which on end may influence on accuracy of bundle adjustment.
Comparison of data gathered with conventional methods and data from UAV, gives an insight that vertical discrepancies are still in size of decimeter and that they depends on several factors, such as quantity of illumination (shadows), vegetation etc...Most important product of data gathered with UAV which can be produced is point cloud as the data can be combined with the data gathered from other remote sensing technology, and that is the biggest advantage of Pix4D over 3DM Analyst. In future next step of improvement is including the point cloud classification in software solutions which already exists in field of aerial laser scanning. It would allow better manipulation with data and of course reduce the time required for producing Digital Terrain Models with less manual involvements.
